did not confirm such an involvement [7] . Subsequent work has pointed to a higher hMps1 requirement for the mitotic spindle checkpoint than for normal centrosome
behavior [11] . Residual Mps1 function allowing centrofrom kinetochores and became increasingly enriched on spindles and spindle poles. In anaphase, kinetochore some duplication in the Drosophila Mps1 1 mutant is not ruled out. However, as the expression of Mps1 function signals were no longer detected. Very similar observations were also made in embryos after cellularization is rather difficult to envisage in the light of our characterization of the Mps1 1 allele, it is readily conceivable that, (data not shown). Consistent with the observed kinetochore localization like the fission yeast homolog, Drosophila Mps1 is not required for normal spindle pole behavior. during early mitosis, Drosophila Mps1 was found to be required for the mitotic spindle checkpoint, as preWhile all analyzed Mps1 homologs localize to kinetochores during prometaphase, conflicting observations viously described for all the other analyzed homologs. Inhibition of mitotic spindle formation by colcemid failed have been reported concerning centrosome and nuclear envelope localization in human cells [ fixation and DNA labeling. Confirming previous analyses In addition, the Mad2 homolog mdf-2 was similarly found [26] , hypoxic Mps1 ϩ control embryos (GFP-positive) to be required for the mitotic spindle checkpoint and were arrested either in interphase with abnormally conanoxia survival [25] . Anoxia arrests mitotic cells not only densed chromosomes or in mitosis with clusters of hyin C. elegans embryos [25] , but also in Drosophila empercondensed chromosomes within a mitotic spindle bryos [26, 27] . In Drosophila, precellularization embryos (Figures 2A and 2B ). Most importantly, we did not obthat are confronted with oxygen limitation during proserve Mps1 ϩ embryos where all nuclei were in ana-or phase arrest cell cycle progression rapidly and reverstelophase in a total of 57 analyzed embryos. In contrast, ibly in metaphase. Hypoxic conditions imposed during Mps1 1 embryos (GFP-negative) were frequently oball other cell cycle stages induce a reversible arrest in served to be in anaphase or telophase (24% of the 161 interphase, which is accompanied by abnormal chromaanalyzed embryos; Figure 2D) (Figures 2A and 2C) .
In vertebrates, the mitotic spindle checkpoint is known to be involved in the physiological arrest of mature oocytes during metaphase of the second meiotic division [28] . In Drosophila, mature oocytes arrest during metaphase of the first meiotic division. The early developmental arrest during cycle 1 or 2, which was apparent in 9% of the fertilized embryos derived from Mps1 1 female germline clones, might therefore reflect defective regulation of the female meiotic divisions. However, the physiological arrest during metaphase of meiosis I did not appear to be compromised in While female meiosis appeared to be largely successful, the subsequent behavior of the three haploid meiotic nuclei, which are segregated away from the female pro- In humans, such a role of the mitotic spindle checkpoint might further augment its somes. Moreover, anti-pH3 labeling was also strikingly intense within this chromosomal region ( Figure 3E) . relevance in the context of tumor progression where angiogenesis is crucial for the elimination of the insuffiPhosphorylation of histone H3 is thought to result from kinase activity of the Survivin-Incenp-Aurora B complex, cient blood (and oxygen) supply during initial tumor growth. which is known to be required for kinetochore localization of mitotic spindle checkpoint components [31] . ImMoreover, our analyses have revealed a novel, developmental role of Mps1 during early embryogenesis munolabeling with antibodies against Aurora B and Incenp indicated that these proteins were also strongly when it is required for the cell cycle arrest of those three haploid products of female meiosis that are segregated enriched within the pericentromeric region of the bouquet chromosomes ( Figure S5 ). This prominent enrichaway from the female pronucleus. In Drosophila, these discarded meiotic products are not extruded. They arment of checkpoint components and pH3 on polar body chromosomes perdured in wild-type embryos throughrest during M phase of the first mitotic cycle and are transformed into a cluster of radially arranged conout the early syncytial stages. During these stages, the polar bodies remain condensed, while the zygotic nuclei densed chromosomes. It remains to be clarified why the interdigitated microtubules are not focused into the progress through mitotic cycles. These observations suggested that polar bodies might be kept inactive and characteristic, centrosome-free, tapered bipolar spindle, which is organized by chromosomes during the arrested in mitosis by the mitotic spindle checkpoint in wild-type embryogenesis. Consistent with this notion, preceding female meiotic divisions. However, the failure to form a functional bipolar spindle might be linked to we also observed an enrichment of Cyclin B in the central domain of the bouquet ( Figure S5 ). Moreover, this the activation of the mitotic spindle checkpoint, which keeps the bouquet chromosomes from further cell cycle notion predicts that the polar body chromosomes escape from the arrest in Mps1 1 mutants. Indeed, instead progression. While our findings provide an initial molecular insight, the important mechanisms that differentiate of the bouquet-like arrangement of condensed polar body chromosomes that is characteristic for wild-type the female pronucleus from the other haploid products of female meiosis are far from being understood. embryos ( Figures 3A and 3C-3F Figure 3G) , and anti-pH3 ( Figure 3H ) in the great majority of the embryos. We point out that, during
Mad2-GFP (

